Introduction
Upper airway respiratory endoscopy has been the diagnostic method of choice for equine upper respiratory tract (URT) conditions since it was developed in the 1970s (Lane et al. 2006) . Initially, URT endoscopy could only be performed with the horse standing at rest. Abnormal conditions detectable during resting URT endoscopy include recurrent laryngeal neuropathy (RLN), dorsal displacement of the soft palate (DDSP), epiglottic abnormalities, arytenoid chondritis and pharyngeal lymphoid hyperplasia (Barakzai & Dixon 2011; Desmaizieres et al. 2009; Perkins et al. 2009; Pollock et al. 2009 ). These conditions are often associated with poor performance and/or respiratory noise at work (Martin et al. 2000) .
The subsequent development of high-speed treadmill endoscopy (HSTE) improved the accuracy of upper airway endoscopy as a diagnostic tool. It allowed detection of conditions that are not apparent during resting examinations such as palatal instability (PI) (Lane et al. 2006) , intermittent DDSP (Barakzai & Dixon 2011; Desmaizieres et al. 2009; Lane et al. 2006; Pollock et al. 2009 ), left corniculate process collapse (LCPC) (Barakzai & Dixon 2011) , axial deviation of aryepiglottic folds (ADAF) (King et al. 2001) , vocal cord collapse (VCC) (Barakzai & Dixon 2011) and nasopharyngeal collapse (NPC) (Boyle et al. 2006; Strand & Staempfli 1993) . In addition, it provided more information about arytenoid function at exercise (Barakzai & Dixon 2011; Desmaizieres et al. 2009; Franklin 2008; Pollock et al. 2009 ). Although HSTE allows the examiner to identify dynamic conditions, it may not replicate exercise during field conditions because surface, rider, tack and environmental variables are altered (Desmaizieres et al. 2009; Franklin, Burnt & Allen 2008) . Financial costs, time to train the horse on the treadmill, transport requirements and misconceptions regarding the safety of the technique are recognised as other disadvantages of HSTE (Franklin et al. 2008) .
The recent development of dynamic overground endoscopy (DOE) has addressed some of the shortcomings of HSTE. This procedure can be conducted without training the horse specifically for the examination and fewer personnel are required. The equipment can be transported to the patient and the horse can exercise in its normal environment with its usual tack and rider. Allowing the horse to exercise in its normal environment may result in more accurate 
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diagnosis of the cause of exercise intolerance (Desmaizieres et al. 2009; Franklin et al. 2008; Pollock et al. 2009 ). Potential disadvantages of DOE are that the examiner has less control of the exact exercise protocol and equipment-related problems (Barakzai 2012) . Several studies have reported findings of DOE in populations of horses in Europe (Allen & Franklin 2010; Desmaizieres et al. 2009; Franklin et al. 2008; Pollock et al. 2009; Witte et al. 2011) . To date, there are no studies reporting on the use of DOE in Thoroughbred racehorses in South Africa.
The aims of the present study were to describe the upper airway abnormalities detected by DOE in Thoroughbred racehorses presented with poor performance and/or abnormal respiratory noise at exercise in South Africa. It was hypothesised that the major abnormalities detected during DOE would be similar to those detected in other populations of Thoroughbred racehorses presented for poor performance and/or respiratory noise.
Research method and design
This was a retrospective study of data previously collected during clinical assessments. Patient records of Thoroughbred racehorses that had been referred to the Equine Clinic, Onderstepoort Veterinary Academic Hospital for DOE investigation of poor performance and/or respiratory noise from November 2011 to August 2012 were reviewed. Each horse had been examined once at a racetrack or training centre in South Africa (Figure 1 ). Overground endoscopy had been performed using the Videomed Mobile Laryngoscope system (Videomed GmbH, Munich, Germany) (Figure 2 ), whilst the exercise speed, distance and incline were recorded using a GPS monitor (Garmin Forerunner® 310XT; Garmin, Kansas City, USA).
Data analysis
Data collected from the patient records included signalment, primary complaint, track surface, distance exercised, maximum speed attained and dynamic airway abnormalities detected. The number of horses with single or multiple abnormalities detected was recorded and the relationships of those abnormalities to the primary complaint were also recorded. Arytenoid function at exercise was graded as either full abduction (Grade A), partial abduction, between full abduction and the resting position (Grade B), or less than resting position, including collapsing to the contralateral side (Grade C) (Rakestraw et al. 1991) . Data were captured in an MS Office 2010 Excel spreadsheet.
Results
Fifty-two Thoroughbred racehorses that had undergone DOE were identified: 22 colts (43%), 9 geldings (17%) and 21 females (40%). The DOE examinations were performed at various racecourses and training centres around South Africa (Clairwood, Drakenstein, Durbanville, Randjiesfontein, Summerveld, Turffontein, Vaal) ( Figure 3 ). The median age of horses examined was 3.6 years (range: 2-9 years). The horses were exercised over a mean distance of 1146 m (range: 600 m -1600 m) and the mean maximum speed attained was 58.4 km/h (range 43.4 km/h -66.5 km/h). Track surfaces used included grass (31 horses), sand (12 horses) and synthetic (9 horses).
The primary complaints for horses presented for DOE were abnormal respiratory noise at exercise only (34 of 52 horses, 66%), poor performance only (9 of 52 horses, 17%) and a combination of abnormal respiratory noise and poor performance (9 of 52 horses, 17%) ( Table 1) . In horses presented for respiratory noise or for the combination of respiratory noise and poor performance (43 of 52 cases), single abnormalities were observed in 13 horses (25%) and multiple abnormalities in 25 horses (48%) (Figure 4 ). An abnormality was more likely to be diagnosed by DOE if horses were presented for abnormal respiratory noise or abnormal respiratory noise associated with poor performance (38 of 43 cases, 88%), than if horses were presented only for poor performance (2 of 9 cases, 22%) ( Table 1 ).
The most common abnormalities diagnosed were ADAF, VCC, abnormal arytenoid function (suggestive of RLN) and DDSP (Table 2 ). Axial deviation of the aryepiglottic folds was detected in 21 of 52 horses (40%). This condition was detected as a single abnormality in two horses and in conjunction with other conditions in 19 horses. Vocal cord collapse was detected in 18 of 52 horses (35%) and was always associated with other conditions. Abnormal arytenoid function at exercise, consistent with RLN, was detected in 17 of 52 horses (33%). Grade B arytenoid function was observed in nine horses; it was seen as a single abnormality in one horse and in combination with other abnormalities in the other eight horses. Grade C arytenoid function was detected in eight horses; it was seen as a single abnormality in one horse and in association with other abnormalities in the other seven horses. Dorsal displacement of the soft palate was observed in 13 of 52 horses (25%). It was the sole abnormality detected in 8 of 13 horses (60%) and was associated with other abnormalities in 5 of 13 horses (40%).
Other abnormalities that were less frequently observed were NPC, PI, and LCPC (Table 2) . Pharyngeal collapse was observed in 7 of 52 horses (14%). It was found as a single abnormality in two of the seven affected horses and was found in combination with other abnormalities in the other five horses. In two horses there was only collapse of the dorsal pharyngeal wall, whilst in the other five horses there was collapse of the lateral and dorsal pharyngeal walls. Palatal instability was observed in 4 of 52 horses (8%). It was the sole abnormality found in one affected horse and was found in combination with other abnormalities in the other three horses. Only 3 of 52 horses (6%) were observed to have LCPC, which was always found in combination with other abnormalities.
Ethical considerations
The study was approved by the University of Pretoria's Animal Use and Care Committee (protocol reference V073-12).
Discussion
In the present study, dynamic pathological conditions were detected in the majority (77%) of horses. These results are comparable with studies in similar populations overseas where dynamic obstruction was identified in 65% -77% of horses (Dart et al. 2001; Davidson et al. 2011; Desmaizieres et al. 2009; Franklin, Naylor & Lane 2006; Witte et al. 2011) .
Multiple abnormalities were observed in 50% of the horses examined ( Figure 5 and Figure 6 ), which is similar to the findings of Tan, Dowling and Dart (2005) and Dart et al. (2001) , who reported that 49% and 73% of horses in their study populations, respectively, had multiple respiratory abnormalities in contrast to another study that identified a lower proportion (32%) of horses with multiple respiratory abnormalities (Lumsden et al. 1995) . The detection of multiple abnormalities may be influenced by the population examined, evaluator expertise and the type of exercise performed (e.g. distance exercised, speed attained, degree of fatigue achieved). Horses that ran shorter distances or only attained lower speeds may not have been exerted enough to demonstrate an underlying condition.
A respiratory abnormality was more likely to be diagnosed in horses presented with an abnormal respiratory noise or abnormal respiratory noise associated with poor performance, rather than in horses presented for only poor performance. Horses with poor performance but no abnormal respiratory noise may suffer from musculoskeletal, lower respiratory tract or heart conditions (Martin et al. 2000) .
The prevalence of specific upper airway disorders in this study was similar to that reported in other populations of Thoroughbred racehorses with respiratory noise and/or poor performance, consistent with the study hypothesis. In the present study, abnormal arytenoid function at exercise was observed in 33% of horses evaluated for poor performance and/or respiratory noise. Dynamic endoscopy in similar populations has detected this in approximately 8% -40% of horses (Allen & Franklin 2010; Barakzai & Dixon 2011; Dart et al. 2001; Desmaizieres et al. 2009; Tan et al. 2005) . Dorsal displacement of the soft palate was also one of the most commonly detected abnormalities in the present study (25%) (Figure 7 ), similar to the proportion of horses reported with DDSP in comparative populations: 19% (Pollock et al. 2009 ), 26% (Witte et al. 2011) and 28% (Desmaizieres et al. 2009 ).
Vocal cord collapse, detected in 18% of horses in this study, may be found as the sole URT abnormality, or it may be associated with RLN (Dart et al. 2001; Kannegeiter & Dore 1995; Lane et al. 2006; Tan et al. 2005) . Vocal cord collapse has been identified in 2% -12% of horses referred for HSTE (Dart et al. 2001; Kannegeiter & Dore 1995; Lane et al. 2006; Martin et al. 2000; Tan et al. 2005) .
Axial deviation of the aryepiglottic folds, detected in 40% of horses in this study, was identified in 5% -55% of horses referred for HSTE (Dart et al. 2001; Desmaizieres et al. 2009; Kannegeiter & Dore 1995; King et al. 2001; Lane et al. 2006; Martin et al. 2000; Tan et al. 2005) . Although ADAF may occur as the sole abnormality (Kannegeiter & Dore 1995; King et al. 2001; Lane et al. 2006; Tan et al. 2005) , horses with ADAF frequently have concurrent dynamic upper airway disorders (Lane et al. 2006; Tan et al. 2005) , as seen in this study. The relationship, however, between ADAF and these concurrent dynamic URT disorders is not known.
Nasopharyngeal collapse, which was identified in 14.0% of horses in this study (Figure 8 ), has been observed during DOE examinations to be a cause of respiratory noise and/or exercise intolerance in performance horses and racehorses (Boyle et al. 2006; Dart et al. 2001; Kannegeiter & Dore 1995; Martin et al. 2000; Strand & Staempfli 1993) . Studies have found NPC to occur with considerably less frequency than other dynamic abnormalities of the URT, with a prevalence of 1.3% -18.0% in racehorses examined because of respiratory noise and/or poor performance (Kannegeiter & Dore 1995; Lane et al. 2006; Tan et al. 2005) .
Left corniculate process collapse was only identified in 6.0% of the horses in this study, similar to a previous report of 4.9% (15 of 309) of horses examined because of respiratory noise and/or poor performance during exercise (Dart, Dowling & Smith 2005) .
This study was limited to the retrospective evaluation of 52 horses and therefore only reflects a sample of Thoroughbred racehorses with poor performance and/or respiratory noise. Horses presented for DOE may be more valuable horses, or horses with more severe diseases, and therefore this sample may not reflect the Thoroughbred racehorse population in South Africa as a whole. Whilst the mean maximal speed reported in the present study (58 km/h) is similar to the 56 km/h reported for 140 Thoroughbred racehorses undergoing DOE and is similar to the average racing speed of 58 km/h for the winning horse in flat races up to 1.6 km (1 mile) (Allen & Franklin 2010) , horses that ran short distances or attained lower speeds during DOE may not have developed any detectable conditions or the actual performance-limiting condition that may have occurred during actual training or racing. 
